The Quaternary stratigraphy of the Nechako River -Cheslatta Lake area of central British Columbia is described and interpreted to reconstruct the late Quaternary history of the region. Exposures of glacial and nonglacial sediments deposited prior to the last glaciation (Fraser) are limited to three sites. Pollen assemblages from pre-Fraser nonglacial sediments at two of these sites reveal forested conditions around 39 000 BP. During the advance phase of the Fraser Glaciation, glacial lakes were ponded when trunk glaciers blocked some tributary valleys. Early in the glaciation, the drainage was free in easterly draining valleys. Subsequently, the easterly drainage was blocked either locally by sediments and ice or as a result of impoundment of the Fraser River and its tributaries east of the study area. Ice generally moved east and northeast from accumulation zones in the Coast Mountains. Ice flow was influenced by topography. Major late-glacial lakes developed in the Nechako River valley and the Knewstubb Lake region because potential drainage routes were blocked by ice.
Introduction
The area discussed in this paper covers the northern half of the Nechako River map sheet (National Topographic System (NTS) map sheet 93 F) in central British Columbia, excluding the region covered by Mate and Levson (2001) (Fig. 1) . The study area was completely covered by the Cordilleran Ice Sheet during the Late Wisconsinan Fraser Glaciation (Tipper 1963) . Lobes of ice, derived from accumulation zones located in the Coast Mountains region, flowed in a generally eastward and northeastward direction (Armstrong and Tipper 1948; Tipper 1971a Tipper , 1971b .
The Quaternary geology of the study area was mapped as part of the Geological Survey of Canada's Nechako NATMAP Project. The purpose of this paper is to present new data on the late Quaternary stratigraphy and history of this region based on the examination of natural and artificial exposures and on mapping of the surficial sediments and landforms. Emphasis is placed on new chronological and paleoecological data for the Olympia Nonglacial Interval (Middle Wisconsinan) and the retreat-phase glacial lake history of the region. erage elevation of 1200 m above sea level (asl). The Fraser Basin is that part of the Nechako Plateau incised by tributaries of the Fraser River.
The study area is underlain by Triassic to Jurassic volcanic rocks and minor sedimentary rocks, all of which are intruded by a suite of Jurassic, Cretaceous, and perhaps Eocene plutons. These rocks are extensively covered by Eocene felsic and mafic volcanic rocks and Miocene basalt and minor volcaniclastic rocks (Tipper 1963; Anderson et al. 1997 Anderson et al. , 1998 Wetherup 1997; Anderson and Snyder 1998; Whalen et al. 1998) .
The entire region formerly was drained by the Nechako River, a tributary of the Fraser River. The Nechako River drainage was diverted during construction of Kenney Dam in 1952. The Nechako Reservoir, the impoundment behind Kenney Dam, drains in a tunnel through the Coast Mountains to the Pacific Ocean; its level is controlled at the Skins Lake Spillway (Fig. 2) . Dawson (1878) was the first geologist to describe the surficial geology of central British Columbia, after excursions in the area from 1874 to 1877 (see Jackson and Clague 1991 for a summary of early reports). Dawson described landforms, bedrock striations, and surficial sediments and noted the glacial lake sediments of the Nechako River valley, which he refers to as "White Silts." A more substantive description of the glacial lake sediments of the Nechako valley was provided by Armstrong and Tipper (1948) . More recently, Plouffe (1997) reconstructed the glacial lake history of the region immediately north of the study area. Tipper (1963) mapped the bedrock geology of the Nechako River area and made significant observations on the region's surficial geology. He recognized the dominant northeastward movement of ice during the Fraser Glaciation and suggested an earlier north to south ice flow, evidence for which he found on mountain summits in the northwestern part of the area. He also noted distortion and grooving of late-glacial lake sediments in the Nechako River valley, which he attributed to a local ice readvance (see the section titled Quaternary history).
Previous studies
More recently, the British Columbia Geological Survey Branch published four 1 : 50 000 scale surficial geology maps (Levson and Giles 1994; Giles and Levson 1995; Weary et al. 1995; Mate and Levson 2000) and a combined bedrock and surficial geology map (Diakow and Levson 1997) of the southern half of the Nechako River map sheet. Surficial geology mapping also has been done north of the Nechako River map sheet under the Canada -British Columbia Agreement on Mineral Development -1995 Plouffe 1996a Plouffe , 1996b Plouffe , 2000 . The surficial geology of the region directly east and southeast of the study area was mapped by Clague (1998a Clague ( , 1998b .
Methods
Surficial sediment types and landforms were mapped using 1 : 60 000 to 1 : 70 000 scale black and white airphotos. Preliminary interpretation was done prior to each field season and was subsequently checked in the field.
Quaternary stratigraphic sections exposed at 94 sites in riverbanks and road cuts were described during the 1996, 1997, and 1998 field seasons. The most significant sections are reported here. Each stratigraphic unit was characterized with respect to its texture, sedimentary structures, color, degree of weathering, clast composition, contact relationships, and lateral continuity. Paleocurrent directions were determined from orientations of planar cross-beds, cross-laminations, and clast imbrication. Elevations were measured with a Wallace and Tiernan altimeter and were corrected for variations in temperature. The instrument was calibrated daily at points of known elevation (e.g., lake level, bench marks). Elevations are considered accurate to within ±5 m. Clast fabrics of till were determined on cleaned exposures by measuring the trend and plunge of elongated clasts (a-axis greater than 2 cm, and a:b ratio greater than 1.5:1).
Pollen samples were collected from nonglacial sediments beneath Fraser Glaciation till at two sites. Pollen separation was done following the method developed by Erdtman (1960) .
Stratigraphy
The Quaternary stratigraphic framework of British Columbia has been established in the more densely populated and more accessible southern portions of the province (see Clague 1989 and Ryder et al. 1991 for recent overviews). The stratigraphy presented in this paper is tied Fig. 1 . Location of the study area in British Columbia (shaded). The box delineates Fig. 2 . Sites referred in the text (᭡) where sediments of the Olympia Nonglacial Interval are exposed include : 1, Babine Lake (Harington et al. 1974) ; 2, Chuchi Lake (Harington et al. 1996) ; 3, Necoslie River (Plouffe and Jetté 1997) ; 4, Nautley River (Plouffe and Jetté 1997). to this stratigraphic framework, which includes one of the best recorded Quaternary events in the province, the Late Wisconsinan Fraser Glaciation (Armstrong et al. 1965; Clague 1981) . Sediments deposited prior to this glaciation are referred to as pre-Fraser sediments. They include deposits of the Olympia Nonglacial Interval, which is the nonglacial period that preceded the Fraser Glaciation (Armstrong et al. 1965 ).
Pre-Fraser sediments
Most of the Quaternary sediments deposited prior to the Fraser Glaciation have been removed by glaciers or are covered by younger deposits. Glacial and nonglacial sediments of pre-Fraser age were found at only three sites. They are thought to have been deposited prior to the Fraser Glaciation, rather than during the advance phase of this glaciation, because (i) they are unconformably overlain by sediments that are related to the last glaciation, and (ii) they are generally more weathered than Fraser Glaciation deposits. In addition, deposits of glacial or nonglacial origin are interpreted to be of pre-Fraser age where they are overlain by nonglacial organic-rich sediments that are in turn overlain by Fraser Glaciation sediments.
Corkscrew Creek valley exposure
A natural bluff in the Corkscrew Creek valley (site 96-038; Fig. 2 ) exposes, from bottom to top, pebbly sandy diamicton; horizontally laminated silt and clay; parallel-and cross-laminated, folded and faulted sand; planar-laminated silt to coarse sand; sand and gravel; and compact diamicton containing abundant striated clasts (Figs. 3, 4) . The sand unit has a distinctive white to yellowish-white color due to the presence of iron oxide staining. The pollen assemblage of a sand sample is dominated by arboreal taxa, chiefly Pinus (43%) and Picea (21%) ( Table 1) . Shrub pollen, dominantly Alnus, is also present in appreciable amounts (21%), but herb pollen is practically absent (1.5%). Several pollen grains are oxidized, rendering their identification difficult, and some (Fig. 5) . Regional ice flow (arrows) reconstructed from the orientation of glacial striations, drumlins, flutings, and crag and tails (Plouffe 1998a (Plouffe , 1998b . pollen may have been destroyed by weathering. Small fragments of plant material recovered from the sand unit yielded a radiocarbon accelerator mass spectrometry (AMS) age of 38 600 ± 520 BP (Beta-25677).
The lower diamicton is interpreted as a debris-flow deposit. The overlying clay was deposited in a low-energy environment (ponded water). The high pollen content of the overlying sand and the finite AMS radiocarbon age on the contained organic material (38 600 ± 520 BP) suggest that the sand was deposited in nonglacial conditions (Olympia Nonglacial Interval). The pollen assemblage indicates that the area was forested at the time of deposition. The oxidation of the pollen grains and their potentially selective preservation prevent any further interpretation or comparison with modern assemblages. The silt-sand unit above the sand may have been deposited in a nonglacial or proglacial environment. The overlying gravel and diamicton units are interpreted to be advance outwash and till of the Fraser Glaciation, respectively.
Swanson Creek valley exposures
Pre-Fraser sediments are preserved in Swanson Creek valley, which is oriented transverse to the dominant Fraser Glaciation ice-flow direction (Fig. 2) . The stratigraphy of the Swanson Creek valley was constructed from seven natural exposures (Fig. 5 ).
At site 96-255, at the southeast end of the valley (Figs. 4, 5), cobbly to pebbly, clast-supported and crudely bedded sand and gravel is unconformably overlain by a very crudely bedded, compact diamicton containing abundant striated clasts (Fig. 4) . Both units are oxidized: clasts are coated with iron and manganese oxides and the sediment matrix is yellow to red. These sediments are overlain by sand and gravel and fine sand, silt, and clay (Fig. 4) .
At site 96-258, near the northwest end of the valley, the lowest exposed unit is a massive, compact, oxidized diamicton containing striated clasts (Figs. 4, 5) . The diamicton has a bimodal fabric with most elongated clasts dipping shallowly to the northeast or southwest. Clasts are dominantly volcanic rocks with less than 1% diorite. The diamicton is overlain by several sand and pebble gravel units, which are, in turn, overlain by a second diamicton. This upper diamicton contains abundant striated clasts. Its clast fabric and lithologies are similar to those of the lower diamicton (Fig. 4) . The upper diamicton is overlain by crudely bedded, cobble to boulder gravel.
At site 96-255, the lowest gravel unit probably aggraded in a stream under glacial or nonglacial conditions. The overlying diamicton could be a till or a debris flow resulting from the reworking of a till, as evidenced by the abundance of striated clasts in this deposit. These two units are thought to have been weathered during nonglacial conditions that Note: Common names are given when they apply to a single species. Percentages are given in parentheses. preceded the last glaciation. The overlying units are thought to have accumulated during the advance and retreat of glaciers of the Fraser Glaciation (Figs. 4, 5) . Both diamictons at site 96-258, near the west end of Swanson Creek valley, are interpreted to be tills based on their compaction, poor sorting, striated clast content, and well-developed clast fabric. The Brooks Diorite Complex crops out northeast and east of Swanson Creek (Wetherup 1997; Anderson et al. 1998) . The near absence of diorite clasts in the lower and upper till along with general northeast-southwest fabrics indicate that ice was probably flowing to the northeast during the deposition of the lower and upper tills. Given the stratigraphic position of the upper till, it is interpreted as Fraser Glaciation till. This interpretation implies that the lower till was either deposited during a glacial advance (ice front fluctuation) at the onset of the Fraser Glaciation or during a separate, earlier glaciation.
Knewstubb Lake exposure
At site VLE 96-13, the stratigraphy consists of, from bottom to top, fine sand and silt, pebble gravel, and massive diamicton (Figs. 2, 4) . The lowest unit contains some charcoal and rare, small organic fragments. Charcoal recovered from the sand and silt yielded a radiocarbon age of 39 040 ± 530 BP (Beta-101016). The pollen spectrum of the sand and silt is dominated by Pinus (56%), Picea (36%), and Abies (6%), with almost no herbaceous pollen (Table 1) . Pollen grains are poorly preserved, which limits paleoecological interpretation.
The lowest exposed sand and silt unit in the section, at site VLE 96-13, is interpreted as a nonglacial, lacustrine or low-energy fluvial deposit. A nonglacial origin is indicated by the presence of organic material and pollen in the sand. The fine grain size of the sediments and horizontal and parallel bedding indicate a low-energy, depositional environment with standing or slowly moving water. The radiocarbon age of 39 040 ± 530 BP on charcoal within the sediments suggests that they date to the Olympia Nonglacial Interval. High arboreal pollen (Pinus, Picea, and Abies) with almost no herbaceous pollen suggests a relatively extensive forest cover in the region at about 39 000 BP. The pollen assemblage from pre-Fraser nonglacial sediments at the Knewstubb Lake site corroborates the interpretation from the Corkscrew Creek site, namely that a forested environment existed at least for some time during the Olympia Nonglacial Interval in central British Columbia. The pebble gravel and diamicton above the nonglacial sand and silt are interpreted as advance-phase outwash and Fraser Glaciation till, respectively.
Sediments of the Fraser Glaciation
Sediments deposited during the Fraser Glaciation can be divided into three phases: advance, full glacial, and recessional. Sediments directly underlying till of the last glaciation that show a degree of weathering similar to that of the overlying till, contain lithologies of distant origin, and contain deformations suggestive of glacier overriding are interpreted to be advance-phase sediments. However, the possibility that some of these deposits may be much older than the last glaciation cannot be completely eliminated, because there is generally an erosional contact at the base of the till, which represents a hiatus of unknown duration.
Advance-phase sediments
Glaciolacustrine and glaciofluvial sediments associated with the advance phase of the last glaciation have been observed mainly in areas protected from glacial erosion, for example in deep valleys or valleys oriented transverse to ice flow. These sediments are well compacted, commonly crop out in vertical bluffs, and contain faults and folds.
Fine-grained sediments that underlie till of the last glaciation include well-sorted sand, silt, and minor clay. Sandy beds are horizontally stratified, planar cross-stratified, or massive. Silt and clay units are horizontally laminated to massive. Clast-supported and crudely bedded gravel lenses and beds are interbedded with these finer sediments. In places, the sand, silt, and clay grade upward into pebbly to bouldery gravel that contains silt and clay interbeds.
These sediments were probably deposited in glacial lakes that developed as a result of blockage of the drainage by advancing glaciers. Some of these sediments coarsen upward, reflecting the advance of glaciers into the area. At some sites, however, the sediments fine upward due to deepening of water during the transition from glaciofluvial to glaciolacustrine conditions. Advance-phase glaciolacustrine sediments were found in the valleys of an unnamed tributary of Cheslatta Lake, Cheslatta River, Sinkut River, Nithi River, Swanson Creek, Greer Creek, and Intata Reach (Fig. 6) .
Units of massive to well-bedded, clast-supported, pebbly to bouldery gravel underlie Fraser Glaciation till at several sites (Figs. 6, 7) . The gravels range from moderately to poorly sorted. They contain crudely layered, discontinuous diamicton interbeds that generally increase upward in abundance and thickness. Well-sorted sand beds and lenses are also present in the gravels. Beds in the upper part of these sorted sediments are truncated by the overlying till. Some of the beds below the till are also cut by thrust faults.
These deposits are interpreted as glaciofluvial sediments deposited in channels on outwash plains in front of advancing glaciers. Diamicton interbeds likely represent debris flows derived from adjacent steep slopes (reworked till) or ice (flow till). Deformation structures in the upper part of the advance-phase glaciolacustrine and glaciofluvial sediments are thought to be glaciotectonic in origin, because their orientation can be related to the direction of ice flow during the last glaciation. The presence of advance-phase glaciofluvial sediments indicates that valleys were free-draining for some time during the advance of glaciers. In some valleys, glaciofluvial sedimentation was followed by glaciolacustrine sedimentation, when advancing glaciers blocked the drainage (e.g., Nithi River valley, section at site 96-195; and Cheslatta River valley, section at site 97-179; Figs. 2, 6, 7) .
Full glacial sediments
A compact massive diamicton containing 20-40% pebbleto boulder-sized clasts and 60-80% matrix is present throughout the study area. The diamicton contains abundant striated and faceted clasts, many of which are lithologies derived from distant sources. The diamicton is commonly less than 5 m thick, but can reach up to 12 m in places. Discontinuous, clast-supported, and generally massive sand and gravel lenses have been observed within the diamicton. Such lenses can reach a thickness of 1 m.
The diamicton is interpreted to be a till, based on its widespread distribution and physical characteristics (compaction, poor sorting, striated and faceted clasts, and lithologies of distant origin). Sub-till radiocarbon ages at Corkscrew Creek and Knewstubb Lake (38 600 ± 520 BP and 39 040 ± 530 BP, respectively) indicate that the till was deposited during the Fraser Glaciation. It was dominantly deposited by a combination of lodgment and meltout processes (see Mate and Levson 2001) . In Swanson Creek valley, Fraser Glaciation till is discontinuous (Fig. 5 ), perhaps due to (i) glaciofluvial erosion of the till at the base of the ice or following ice retreat, (ii) nondeposition, or (iii) poor sediment exposure. Similarly, a discontinuous and a generally thin Fraser Glaciation till was also noted by Clague (1988) in the Fraser River valley east of the study area.
Recessional-phase sediments
As during the advance phase, the retreat phase of the last glaciation was marked by extensive glaciolacustrine and glaciofluvial sedimentation. Recessional-phase sediments are the best exposed glacial deposits, because they were not overridden by glaciers or buried by great thicknesses of postglacial sediments.
Well-sorted sand, silt, and minor clay occur abundantly as massive beds and rhythmites in the Nechako River, northern Knewstubb Lake, and Big Bend Creek valleys. These deposits locally attain thicknesses of several tens of metres. In the Nechako River valley, they are rhythmically stratified, consisting of repeated couplets of fine sand and silt and thin laminated silt and clay. Some fine sand and silt beds fine upward, whereas others coarsen upward. These beds also contain parallel laminations and planar cross-laminations. Couplets become progressively finer and thinner upward. They range in thickness from up to 1.8 m at the base of sections to 10 cm near the top (Fig. 8) . The maximum observed number of rhythmites was 29, at a section in the Nechako River valley.
In the northern Knewstubb Lake and Big Bend Creek valleys, fine-grained glacial recessional deposits are composed of massive and stratified beds of coarse to medium sand with minor silt and clay laminations. These sediments lack well-developed rhythmic stratification. In the Knewstubb Lake area, the sediments are kettled (Plouffe 1998b ) and faulted and folded (Huscroft and Plouffe 1999) .
The maximum elevation of these fine-grained sediments varies within the study area. In the Nechako River valley, they are present up to approximately 770 m asl, and in the Knewstubb Lake and Big Bend Creek valleys, they are present up to 880 and 975 m asl, respectively (Huscroft and Plouffe 1999 ; Fig. 9 ).
These fine-grained sediments are interpreted to be reces-Can. J. Earth Sci. Vol. 38, 2001
Fig. 6. Sections exposing advance-phase glaciolacustrine and glaciofluvial sediments. Section locations are shown in Fig. 2 . See Fig. 4 for legend.
sional-phase glacial lake deposits. Based on the areal distribution and elevations of these sediments, it is thought that two regional glacial lakes developed in the study area during ice retreat: one lake in the Nechako River valley and another, higher lake in Knewstubb Lake valley (see glacial and postglacial history later in the paper).
The rhythmites observed in the Nechako River valley may have been deposited distally from the retreating glacier or in the deeper portion of the glacial lake. The deformed sandy glacial lake sediments in the Knewstubb Lake and Big Bend Creek areas probably were deposited adjacent to or on top of dead ice (Huscroft and Plouffe 1999) . A similar deglaciation scenario was proposed for the Tezzeron Lake region north of the study area (Plouffe 1997). Fig. 9 . Distribution of recessional-phase glacial lake sediments and glacial lake outlets in the study area.
Gravel associated with sand, silt, and clay is thought to have been deposited in proximity to the retreating glacier or to stagnant ice blocks, or from adjacent valley walls. Some of the gravel might have been deposited subaqueously at the mouth of meltwater conduits on subaqueous outwash fans (Rust and Romanelli 1975) .
Well-stratified to massive, clast-supported sand and gravel deposits above Fraser Glaciation till are interpreted to be recessional-phase glaciofluvial sediments. They occur mainly in valleys as terraces, but 1-3 m thick blankets of glaciofluvial gravel were observed elsewhere in the study area, for example near the mouths and sides of meltwater channels. In some valleys, hummocky glaciofluvial deposits are associated with glaciofluvial terraces. Where exposed, these sediments contain high-angle reverse and normal faults indicative of sedimentation on or against ice.
Postglacial sediments
Postglacial sediments include organic deposits, colluvium, alluvium, and eolian deposits. Organic deposits consist of plant matter in various stages of decomposition that accumulates in poorly drained areas such as fens, bogs, and swamps. Colluvium is present mainly at the toe of steep slopes. Modern alluvium consists of sand and gravel and forms flood plains, low terraces, and fans. These sediments are generally better sorted than glaciofluvial deposits, except in alluvial fans. Glaciolacustrine, glaciofluvial, and alluvial deposits in the Nechako River valley are overlain by a discontinuous and hummocky veneer of well-sorted massive fine sand and minor silt interpreted to be eolian in origin. Much of the surface of these wind-blown deposits is presently vegetated, and eolian sedimentation today is very limited.
Quaternary history

Pre-Fraser ice advance
Stratigraphic evidence of a pre-Fraser ice advance has been found only in Swanson Creek valley. Clast fabric and till-pebble lithologies indicate that ice generally flowed to the northeast during that glacial event, i.e., more or less in the same direction as the Fraser Glaciation ice flow. Levson (1999, 2001 ) described a site along the shore of Ootsa Lake that also shows evidence of a pre-Fraser ice advance: a diamicton interpreted to be a till is overlain successively by organic-bearing, fine-grained sediments (Olympia Nonglacial sediments ?) and Fraser Glaciation till.
Olympia Nonglacial Interval
The pollen spectra of the organic-bearing sediments at Corkscrew Creek and Knewstubb Lake suggest that a forest environment existed during at least part of the Olympia Nonglacial Interval in central British Columbia. Climate may have resembled that of the present, because the area is currently occupied by a forest dominated by spruce and pine, which is well represented in modern pollen records (MacDonald and Ritchie 1986) . In contrast, pollen spectra from Olympia Nonglacial Interval sediments at other nearby localities in the region generally reflect cooler climatic conditions. Two radiocarbon ages (38 230 ± 410 BP (Beta-88557) and 42 460 ± 670 BP (Beta-88558); Plouffe and Jetté 1997) on plant debris from nonglacial sediments at the Nautley River site, 40 km northwest of Corkscrew Creek, are similar to those at Corkscrew Creek and Knewstubb Lake (38 600 ± 520 BP and 39 040 ± 530 BP, respectively), yet the pollen assemblage of the Nautley River sediments suggests tundra to forest-tundra environments. Similar chronology and tundra-like paleoecological reconstruction have been established for two other sites: Babine Lake and Chuchi Lake (Harington et al. 1974 (Harington et al. , 1996 Fig. 1) . It is very unlikely that a drastic change of vegetation from a forest to a forest-tundra to tundra environment would occur over such a short distance (40 km) and that high pollen producers, such as Pinus, would not be better represented to the north, if it were growing in the region. However, the Babine Lake, Chuchi Lake, and Nautley River sites all show evidence of at least a partial tree cover, and it is possible that a more extensive forest cover may have developed, at least locally in the region, in a fairly short time period during the Olympia Nonglacial Interval. Harington et al. (1974) inferred that spruce, fir, and aspen or poplar trees grew as local stands on suitable sites at Babine Lake. Fragments of spruce and fir wood found at the site confirm that these trees were growing in the area. Plouffe and Jetté (1997) found higher proportions of spruce (5.9%) and pine (12.9%) pollen at Nautley River than were present at Babine Lake (3.5% and 0.7%, respectively), and they also inferred the presence of local stands of spruce.
Nevertheless, differences in paleoecological reconstruction among these sites can be attributed to the reduced precision associated with radiocarbon ages that approach the limit of radiocarbon dating and poor pollen preservation. It is possible, for example, that the cited finite radiocarbon ages are actually nonfinite and the associated sediments may, therefore, have been deposited earlier in the Olympia Nonglacial Interval or possibly even in the last interglacial (Sangamonian). If so, this would suggest that the differences in forest cover between these sites may reflect paleoenvironmental conditions over much wider periods of time than the radiocarbon ages indicate. Clearly, more detailed work is required at Corkscrew Creek and Knewstubb Lake sites to better decipher the paleovegetation and the paleoclimate of the Olympia Nonglacial Interval in central British Columbia. Such research should include two other sites, also discovered during the Nechako NATMAP Project, where organic sediments are potentially related to the Olympia Nonglacial Interval (cf. Levson et al. 1998; Mate and Levson 2001) .
Fraser Glaciation
At the onset of Fraser Glaciation, ice lobes advanced in a general easterly direction from ice-accumulation zones in the Coast Mountains. The presence of advance-phase glacial lake sediments in some tributary valleys indicates that the drainage in these valleys was blocked by ice tongues moving along the trunk valleys. Early in the Fraser Glaciation, drainage was free-flowing in easterly draining valleys, so deposits of sand and gravel accumulated on outwash plains near the ice front (e.g., Cheslatta River valley). The stratigraphic evidence from the Cheslatta River suggests that the easterly drainage was blocked prior to the valley being overridden by ice (section at site 97-179; Figs. 6, 7). The drainage may have been blocked at the valley mouth by ice or sediment. Alternatively, the lake may be part of a larger impoundment of the Fraser River and its tributaries east of the study area (Eyles and Clague 1991; Huntley and Broster 1994) .
At the time of formation of the drumlins, drumlinoid ridges, flutings, crag and tails, and glacial striations, ice was thick enough to cover the highest mountains of the region, but was not thick enough to flow independently of topography. Ice-flow indicators on mountain summits and flanks show that ice was deflected around topographic obstacles and flowed parallel to major valleys ( Fig. 2 ; see also Plouffe 1998a Plouffe , 1998b .
Large glacial lakes inundated some of the major valleys during deglaciation, notably in the Knewstubb Lake and Nechako River valleys. The glacial lake in the Knewstubb Lake valley was probably not continuous with the glacial lake in the Nechako River valley, because the level of the former was much higher and was controlled by various outlets located at progressively lower elevations as deglaciation progressed (Fig. 9) . Initially, the outlet was along Big Bend Creek. Later, the lake drained through three major meltwater channels eroded in the Cut Off Creek area (Plouffe 1998b; Huscroft and Plouffe 1999) . The glacial lake in the Nechako River valley may have been continuous with the glacial lake system occupying the Nechako River and Fraser River valleys, north and northeast of the study area (Clague 1987; Plouffe 1997) . If the rhythmites in the Nechako River valley are annual layers (varves), the glacial lake existed for at least 29 years. However, if the rhythmites are not varves, the duration of the glacial lake may have been shorter.
As noted previously, Tipper (1963) suggested a late-glacial readvance northeast of Tachick Lake, based on deformation of the glacial lake sediments and their fluted surface, which he identified on airphotos. However, contortion and deformation of the glacial lake sediments were found only at sporadic sites and can be ascribed to postdepositional soft-sediment gravity deformation rather than glacial overriding. The deformation structures are highly variable in orientation, suggesting that they were not produced by a readvance. Exposures through the purported flutes in glacial lake sediments show these to be composed of till veneered by glacial lake sediments. There is, thus, no evidence to support the hypothesis of a late-glacial readvance northeast of Tachick Lake.
Postglacial period
Postglacial time was marked by the accumulation of peat in poorly drained areas and aggradation and incision of fluvial deposits. The presence of eolian sediments on alluvial terraces suggests that terraces were not readily vegetated during postglacial time, which could be related to a dryer and slightly warmer climate than at present during the early to mid-Holocene (cf. Hebda 1995) .
Conclusions
Most of the Quaternary sediments in the northern half of the Nechako River map sheet area were deposited during the Late Wisconsinan Fraser Glaciation. However, there is some evidence for (i) a pre-Fraser glacial event, during which ice flowed northeast, and (ii) a forested nonglacial environment about 39 000 BP during the Olympia Nonglacial Interval. However, the forest may have been localized, because other sites in central British Columbia supported a forest-tundra to tundra environment at about the same time. Nevertheless, these new data should be viewed with caution because of the poor preservation of pollen and the reduced precision of radiocarbon dating near its limit. More detailed work is required before a more definitive reconstruction of the paleoclimate and paleogeography of this nonglacial interval can be done.
During the last glaciation, ice flowed generally to the east across the area, with sources in the Coast Mountains. Advancing glaciers ponded glacial lakes in tributary valleys, but the drainage was free, at least initially, in the major east-draining valleys. The entire study area was covered by glaciers at the peak of the Fraser Glaciation, but ice was deflected around the highest topographic obstacles. During deglaciation, glacial lakes were impounded by retreating glaciers in the Knewstubb Lake region and the Nechako River valley.
